An actinomycete isolate designated as TS-1980 with multiple resistance to aminoglycoside antibiotics was found to produce novel antibiotics. The strain showed taxonomic features identical to the type strain of Nocardiopsis mutabilis except for the temperature range for growth and the utilization of mannitol and raffinose. Based on the capability of growing at lower temperature range, the strain was named N. mutabilis subsp. cryophilis subsp. nov. Physico-chemical and biological characterization of a purified antibiotic revealed its novel polyamine-type nature with a broad antimicrobial activity. The antibiotic was named dopsisamine.
As reported previously1,2), naturally-occurring actinomycete strains with multiple resistance to wide ranges of aminoglycoside (AG) antibiotics show a high probability of antibiotic production. Therefore, the isolation and screening of such actinomycete strains were expected to lead to the discovery of novel antibiotics. A soil actinomycete isolate designated as TS-1980 , which produced a mixture of multiple antibiotics, was found to meet the above expectation.
In this report, we describe taxonomic characteristics of the strain TS-1980 . Although it should be identified as Nocardiopsis mutabilis3), we observed unique morphologies that were not described in the original report on the taxonomy of the organism. In addition, we describe the physico-chemical and biological properties of one of the antibiotics produced by the strain TS-1980 as a polyamine-type antibiotic with a broad antimicrobial activity.
Materials and Methods

Isolation of Organisms
The strain TS-1980 was isolated from a soil collected at Shosenkyo, Yamanashi, Japan. The isolation medium 4PC consisted of the mixture of ISP No. 4 (1 vol) and potato -carrot extract (2 vol), 1.5 % agar and 20 i g/ml of two different AG antibiotics (istamycin B and sisomicin). The potatocarrot extract consisted of the filtrate of potato (30 g) and carrot (2.5 g) boiled in 1 liter of water for 30 minutes.
Taxonomical Examination Morphological, cultural and physiological properties of the strain TS-1980 were examined according to the methods described by SHIRLING and GOTTLIEB4) and WAKSMAN5). Detailed observation of mycelial morphologies was performed with the use of a light microscope (XF-Ph-21, Nikon), a transmission electron microscope (EM400, Philips) and a scanning electron microscope (Model 5-700, Hitachi) after strain TS-1980 was incubated on the various media at 27°C for 7 to 14 days.
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Physiological examinations were carried out in terms of carbon utilization on ISP No. 9 medium containing 1.0% carbon source4), tolerance to I to 10% NaCl on the ISP No. 4 medium, permissive temperature range for growth on the ISP No. 4 medium by the use of a Temperature Gradient Incubator (Toyo Kagaku Sangyo Co., Japan), and susceptibility to 50 Yg/ml of 11 different AG antibiotics').
Chemical analyses of strain TS-1980 were performed in terms of cell wall type6), whole cell sugar pattern7), cellular phospholipids8), glycolic acid in cell wall9), menaquinones10) and nocardiomycolic acid11).
The type cultures used for taxonomic comparison were obtained from IFO (Institute for Fermentation, Osaka).
Fermentation
The medium used for the production of the antibiotics consisted of dextrin 2.0%, glucose 0.2%, soybean meal 2.0% MgSO4. 7H2O 0.1%, NaCl 0.3% and K2HPO4 0.1%. Aslant culture of the strain TS-1980 on ISP No. 4 medium was inoculated into 100 ml of the medium in a 500-ml vol of Erlenmeyer flask and incubated at 27°C for 96 hours on a rotary shaker (180 rpm). One ml of this culture was then transferred to 100 ml of the fresh medium and incubated for 120 hours in the same way as above. The antibiotic activity of the culture was assayed with Bacillus subtilis PCI 219 as a test organism.
Purification of an Active Substance The culture broth (total 15 liters) was filtered at pH 2.0 (adjusted with conc HCl) and pH 7.0 (adjusted with 6 N NaOH), successively, by using Hyflo Super-Cel (Johns-Manville Co., USA) as a filter aid. The antibiotic principle in the filtrate (14 liters) was adsorbed on a column of Amberlite IRC-50 (70% Na+, 500 ml). After the column was washed with water (5 liters), 1 N HCl(2 liters) and water (5 liters), successively, the antibiotics were eluted with 0.05 N HCl -80 % aq MeOH (2 liters). Active fractions were pooled, neutralized with Amberlite IRA-45 (OH-), evaporated to 10 ml in vacuo and lyophilized.
The resultant crude yellow powder (1.89 g) was dissolved in 10 ml of 0.3 M NaCl solution and charged on a column of CM-Sephadex C-25 which was pre-equilibrated with 0.3 M NaCl (500 ml). Elution with 5 liters of NaCl solution with a concentration gradient of 0.3 M to 1.0 M at a flow rate of 100 ml/hour provided roughly three peaks of active fractions (Fig. 1) . The active fractions of the peak designated as III were combined and loaded on a column of Amberlite XAD-2 (50 ml). The column was thoroughly washed with deionized water (1 liter) and the antibiotics were eluted with 0.05 N HCl-50 % aq acetone. The eluate was neutralized with Amberlite IRA-45 (OH-) and evaporated to 5 ml in vacuo and lyophilized.
A pale yellow powder of the antibiotics thus obtained (258 mg) was then charged on a column (2 cm x 100 cm) of silica gel (Wakogel C-200) and developed with CHCl3 -MeOH -NH4OH (2: 2: 1). The fractionated eluate was monitored with antibiotic activity and silica gel TLC using CHCl3 -MeOH -AcOH -H2O (3: 1: 1: 0.2) as a developing solvent. Fractions showing a blue color spot with anisaldehyde sulfate (Rf 0.32) were pooled and concentrated to dryness. The residue was dissolved in 1 ml of deionized water and passed through a column of Dowex 1-X2 (OH-). After adjusting the pH to 5.0 with 1 N H2SO4, the effluent was passed through a column of Dowex 1-X2 (SO42-). The eluate was evaporated to dryness and dissolved in 0.5 ml of 50% aq MeOH. This aq MeOH solution containing the antibiotics was passed through a column of Sephadex LH-20 (2 cm x 100 cm) equilibrated with 50 % aq MeOH and developed with 50 % aq MeOH. Each fraction (2 ml) was monitored by TLC. The fractions positive to anisaldehyde color reaction were combined and concentrated to 2 ml and lyophilized. Thus, 91.8 mg of white powder of a pure antibiotic exhibiting a single spot by the color reaction with anisaldehyde sulfate on a silica gel TLC plate was obtained.
Determination of Antimicrobial Activity
To determine the minimal inhibitory concentration of the purified antibiotic, bacteria were incubated at 37°C for 18 hours in Mueller-Hinton agar (Difco), and yeasts and molds were incubated at 27°C for 18 hours in nutrient agar (Difco) supplemented with I % glucose.
Results
Taxonomic Features of the Strain TS-1980
Taxonomic features of the strain TS-1980 were summarized in Table 1 . The strain showed good or abundant growth with white to pale yellow aerial mass color on various media.
Aerial mycelium consisting of long straight and thin hyphae formed a variety of unique morphological structures.
As shown in Photo 1, they divided into long segments (Photo 1-A) which in turn subdivided into short rods with smooth surface (Photo 1-B). Highly electron dense round particles were observed in each segment (Photo 1-A). Hyphae were so adhesive that they developed a bundle or tight loops, resulting in the formation of sporangiumor sclerotium-like structures (Photos 1-C and -D). The substrate mycelium was observed to be "nocardioid"-like zig-zag hyphae. The mycelium grown on agar media was Gram-positive but not acid fast. Nucleus staining revealed the presence of positive particles.
Chemical analyses of cell wall and whole cell sugar revealed other unique aspects of the strain TS-1980. Meso-diaminopimelic acid (DAP) was detected together with lesser amount of LL-DAP in the acid hydrolysate of the purified cell wall preparation. Alanine, glutamic acid and galactose were also detected, but glycine and arabinose were not. Whole cell acid hydrolysate contained galactose, 
Physico-chemical Properties of the Antibiotic
The strain TS-1980 produced a mixture of antibiotic substances with similar physico-chemical properties. As shown in Fig. 1 , at least three peaks appeared in the antibiotic activity curve after CM-Sephadex C-25 chromatography. In the course of the purification, each peak was found to contain several antibiotic substances (data not shown). Thus, at least 20 antibiotics were contained in the filtrate of the culture broth. One of the antibiotics in the peak designated as III in Fig. 1 was purified as described in Materials and Methods, and named dopsisamine.
Physico-chemical properties of dopsisamine were summarized in Table 2 . The antibiotic is a hygroscopic white powder which is water soluble and basic, and positive to Sakaguchi and anisaldehyde sulfate color reactions. The IR spectrum was shown in Fig. 2 . The UV absorption spectrum showed two major peaks at 206 and 305 nm in phosphate buffer (pH 6.8). In 0.1 N HC1, the peak at 305 nm shifted to 322 run. Elemental analysis and the spectra of FD-MS, SI-MS, 1H NMR and 13C NMR established the molecular formula of C30H55N11O3¥3/2H2SO4¥•H2O. The 1H NMR (in D2O, 400 MHz) spectrum (Fig. 3) indicated the presence of one olefinic proton (5.16 ppm), two methyl groups (1.67 and 1.71 ppm) and one methoxy group (3.95 ppm). Furthermore, decoupling analysis indicated the possible presence of two kinds of carbon chain linked to the nitrogen atom, 2 x (NCH2CH2CH2N) and 2 x (NCH2CH2CH2C), and tri-substituted olefin, (CH3)2C=C H4
The reaction of dop-CH 2 -sisamine with acetylacetone in water in the presence of potassium carbonate gave bis(dimethylpyrimidyl) derivative (m/z 745 and 746 in EI-MS and SI-MS, respectively), indicating the probable existence of guanidino carbons which could correspond to two out of three signals at 157.9, 157.4 and 157.1 ppm in the chemical shift data of the 13C NMR spectrum (Table 3) . These physico-chemical properties FEB. 1986 indicate that dopsisamine is a new polyamine-type antibiotic different from any known antibiotic ever reported.
Biological Activities of Dopsisamine Table 4 shows MIC of dopsisamine against bacteria, yeasts and molds. It was active to Grampositive and Gram-negative bacteria except Serratia and Pseudomonas. A high activity was also observed in Saccharomyces cerevisiae and weak activity to Xanthomonas oryzae, Candida albicans and molds. Acute toxicity (LD50, iv) in mice was about 0.6 mg/kg. 
Discussion
Our first step of screening program for new antibiotics has been directed to select actinomycete isolates or clones with multiple resistance to AG antibiotics and/or unique AG antibiotics resistance pattern. This strategy was established on the basis of our findings1,2) that actinomycete strains with multiple AG antibiotic resistance exhibit very high probability of antibiotic production, and that unique resistance patterns correlate strongly with the types of antibiotics produced. This approach resulted in the discovery of indolizomycin by selecting a clone with a unique multiple AG antibiotic resistance pattern 
